In this paper, we investigate the causal link between foreign direct investment (FDI), domestic investment and economic growth in China for the period 1988-2003. Towards this purpose, a multivariate VAR system with error correction model (ECM) and the innovation accounting (variance decomposition and impulse response function analysis) techniques are used. The results show that while there is a bi-directional causality between domestic investment and economic growth, there is only a single-directional causality from FDI to domestic investment and to economic growth. Rather than crowding out domestic investment, FDI is found to be complementary with domestic investment. Thus, FDI has not only assisted in overcoming shortage of capital, it has also stimulated economic growth through complementing domestic investment in China.
The World Institute for Development Economics Research (WIDER) was established by the United Nations University (UNU) as its first research and training centre and started work in
Despite a large amount of literature on the subject, the role of FDI in economic growth remains highly controversial. The proponents of FDI argue that FDI helps promote economic growth through technology diffusion and human capital development (Van Loo 1977; Borensztein, De Gregorio and Lee1998; de Mello 1999; Shan 2002a; Liu, Burridge and Sinclair 2002; and Kim and Seo 2003) . This is particularly the case when MNEs in a host economy have vertical inter-firm linkages with domestic firms or have subnational or subregional clusters of inter-related activities. Through formal and informal links and social contacts among the employees, MNEs diffuse technology and management know-how to indigenous firms. Consequently, economic rents are created accruing to old technologies and traditional management style. Also, FDI helps overcome capital shortage in host countries and complements domestic investment when FDI flows to high risk areas or new industries where domestic investment is limited (Noorzoy 1979) . When FDI occurs in resource industries, domestic investment in related industries may be stimulated. Moreover, FDI may result in an increased demand for exports from the host country, helping attract investment in the export industries. Empirical studies supporting these arguments include Sun (1998) and Shan (2002a) . Using the conventional regression model and panel data, Sun (1998) finds a high and significantly positive correlation between FDI and domestic investment in China. Shan (2002a) uses a VAR model to examine the inter-relationships between FDI, industrial output growth and other variables in China. He concludes that FDI has a significantly beneficial impact on the Chinese economy when the ratio of FDI to industrial output rises.
To the contrary, opponents of FDI argue that FDI crowds out domestic investment, and has an adverse effect on growth (e.g., Huang 1998 Huang , 2003 Braunstein and Epstein 2002) . In particular, the industrial organization theory stipulates that FDI is an aggressive global strategy by MNEs to advance monopoly power over and above indigenous firms of the host economy (Hymer 1960 and Caves 1971) . The ownership-specific advantages of MNEs (e.g., advanced technologies, management know-how skills, transaction cost minimizing and other intangible advantages) could be transformed into monopoly power. This monopoly power can be further reinforced by the other two advantages of MNEs: the market internalization specific-advantage and the location-specific advantage (Dunning 1981) . For example, MNEs could control supplies of inputs in an industry of the host economy and gain the benefits of tax subsidy provided by the host government. This may strengthen the competitive advantages of MNEs over indigenous firms. Eventually, domestic firms will be forced to exit. Based on this, FDI may substitute for domestic investment in the long run. The substitution effects can also occur when MNEs compete for limited investment opportunities in the host economy. In addition, FDI may disrupt backward linkages through substitution of imports for domestic commodities (Noorzoy 1979) . Empirical evidence backing up the views of FDI opponents can be found in Braunstein and Epstein (2002) and Huang (2003) . Braunstein and Epstein (2002) fit a regression model to the 1986-99 province-level panel data and find that FDI crowds out domestic investment in China. They point out that the social benefits of FDI are dissipated at least at the provincial level due to intense competition for FDI among the regions in China, which forces regions to reduce taxes, relax regulations on environmental protection, wages and working conditions. Huang (1998 Huang ( , 2003 The organization of the paper is as follows. Section 2 offers an overview on FDI inflows, domestic investment and economic growth in China. This is followed by econometric analysis in section 3. The final section of the paper presents the conclusion and some policy implications. As can be seen from Figure 1978 1982 1986 1990 1994 2002 .
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Source: China Statistical Yearbook (various issues). Table 1 The ratios of FDI to GDP, DI to GDP and FDI to DI (%) effects on domestic investment hence spurring economic development and growth. However, such a scatter plot is far from being conclusive in drawing any causal relationship. Thus, a formal econometric analysis is required which is performed in the next section. GDP quarterly time series is constructed on the basis of the monthly gross industrial output (GIO) and the yearly GDP statistics due to lack of quarterly and monthly GDP statistics. It is found that the annual growth pattern of GDP is similar to that of GIO, and following Liu, Song and Romilly (1997) and Liu, Burridge and Sinclair (2002) , quarterly GDP is estimated by using the relationship: 1988, 1989,…, 2003 where g t is the annual GDP/GIO ratio and GIO t,q is the quarterly value of GIO. Due to China's centrally planned economic regime, many time-series from China display a regular pattern of large seasonal fluctuations (Rawski 2002) . This is indeed the case for the FDI, DI and GDP (see Figure 4) . To permit seasonality when conducting cointegration analysis and model estimation, a variable of centred (orthogonalized) seasonal dummies is incorporated. The standard 0-1 seasonal dummy variables will affect both the mean and the trend of the level series in a VAR system but the centred seasonal dummy variable only shifts the mean without contributing to the trend (Johansen 1995) .
In this paper, we employ the augmented Dickey-Fuller (ADF) test to test the stationarity of the three time series FDI, DI and GDP. As can be seen from Figures 4(a) to 4(c), the three series appear to be non-stationary in level form. Therefore, we investigate the stationarity of the first difference of the three series by testing for unit roots. The ADF tests are performed on both the level and first differenced observations by estimating the following three models:
No constant and no trend model:
Constant and no trend model:
Constant and trend model:
where Δy t = y t -y t-1 is the first difference of the series yt; Δy t-1 = (y t-1 -y t-2 ) is the first difference of y t-1 , etc.; α, γ and β i are parameters to be estimated, and ε t is a stochastic disturbance term. The number of lagged terms is chosen to ensure that the errors are uncorrelated. The difference among the three regressions (1)-(3) lies at the inclusion or exclusion of the deterministic elements α 0 and α 2 t. Equation (1) does not include the drift α 0 and time trend α 2 t, equation (2) includes α 0 but no time trend and equation (3) includes both α 0 and α 2 t.
The results of the ADF test are reported in Table 2 . They show that the null hypothesis of a unit root is: (i) accepted for the level series of FDI in all three models; (ii) rejected for the level series of DI in model (3), and (iii) rejected for the level series of GDP in model (1). The results based on the first differenced data indicate that all three series are stationary. Therefore, we conclude that the three time series are all integrated of order one, I(1). 
Testing for cointegration of variables
Now, the cointegration test is performed to investigate any long-run equilibrium relationships among the three variables of FDI, DI and GDP. After a careful search and trial, a model with 6 lags, constant and centred seasonal dummy variable was chosen. The result of the Johansen cointegration rank test is summarized in Table 3 , which indicates the presence of two cointegrating vectors at 1 per cent and 5 per cent levels of significance, respectively (i.e., the null hypotheses of no cointegration is rejected for rank of zero and less than or equal to (2). This means that there exists a long-run relationship among the three variables. Note: * and ** denote rejection of the null hypothesis at the 5 per cent and 1 per cent significance levels, respectively.
The error correction model
To analyse the causal relationship between the three variables FDI, DI and GDP, we use an error correction model (ECM) of the following VAR system: When fitted to the Chinese data, the VAR system performs quite well. As reported in Table 4 , none of the diagnostic statistics are significant at the 95 per cent critical value. Therefore, there is nothing to suggest that the system model is misspecified. The R 2 -values are 76 per cent, 83 per cent and 96 per cent for equations (1), (2) and (3), respectively. Based on the Akaike (1974) and Schwartz (1978) information criteria, the number of lags is chosen as six. 
Innovation accounting and Granger causality test
The innovation accounting (variance decomposition and impulse response function) technique can be utilized to examine the relationships among economic variables (e.g., Jin and Yu 1996; Kilian 1998; Borensztein, De Gregorio and Lee 1998; Shan 2002a Shan , 2002b Zhang, Bessler and Leatham 2006) . Relying on this technique, Kim and Seo explore the complementary or substitution relationship between FDI and domestic investment, and analyse the impact of FDI on economic growth in Korea. On the other hand, the forecast error variance decomposition allows us to make inference over the proportion of movements in a time series due to its own shocks versus shocks to other variables in the system (Enders 1995: 311) . For example, if ε gdpt shocks explain none of the forecast error variance of FDI t at all forecast horizons, we can say that the FDI t sequence is exogenous. In such a circumstance, the FDI t sequence would evolve independently of the ε gdpt shocks and the GDP t sequence. The impulse response function analysis is a practical way to visualize the behaviour of a time series in response to various shocks in the system (Enders 1995: 306) . For example, plotting the impulse response function can trace the effects of shocks to ε fdit or ε gdpt on the time paths of the GDP t or FDI t sequences.
Within a ten-year forecasting horizon, the variance decomposition results are reported in Table 5 . In the case of China, the innovations in FDI are explained largely by its own past values (90.8 per cent), only 2.4 per cent due to past domestic investment, and 1.9 per cent to past GDP. The innovations in DI are mainly explained by its own past values (80.0 per cent), followed by GDP (40.8 per cent) and FDI (3.5 per cent). The innovations in GDP also are mainly explained by its own past values (57.3 per cent), followed by DI (17.6 per cent) and FDI (5.7 per cent).
These results suggest the strength of the relationships between FDI, domestic investment and economic growth are different. FDI plays an important role in China's economic growth but its influences are less than that of domestic investment (5.7 per cent versus 17.6 per cent). GDP shows stronger influences on China's domestic investment than FDI does (40.8 per cent versus 3.5 per cent). The influences of DI and GDP on FDI are relatively low (2.4 per cent and 1.9 per cent, respectively). But the relationship between GDP and DI is strong, with 40.8 per cent influence from GDP to DI and 17.6 per cent in reverse. It is noted that each of the three variables explains the preponderance of its own past values (forecast error variances). This means that the current/past FDI, DI and GDP have strong influences on their own future/current trends. We now use the impulse response function to reveal the dynamic causal relationships between FDI, domestic investment and economic growth. Figure 5 presents impulse responses to a shock in FDI. Clearly, the impact of the shock on FDI itself is strong. FDI has reverted to its mean level after an immediate sharp decline. This confirms that FDI level in China depends very much on its past values. The effect on DI is to cause a moderate immediate decrease, then some rises, even outweighing the initial decrease. It is interesting to note that the peaks and troughs of FDI are almost always at the opposite positions of DI. Overall, the shock causes an upward and slight shift in the mean of DI. This confirms that FDI does not crowd out domestic investment in China. It also implies that metaphorically, a shortage of domestic investment in China did call for FDI, and the larger FDI the more domestic investment. The upward movement of GDP due to a shock to FDI indicates that FDI has a positive impact on China's economic growth. Figure 6 presents the impulse responses of a shock in DI. The impact of DI on itself is strong. It has reverted to its mean level after an immediate drop. The shock in DI has a more moderate impact on GDP. GDP has reverted above its original level after an initial decrease but its mean level has remained unchanged. The impact of the shock on FDI is minimal. These findings are consistent with the variance decomposition analysis and the Granger causality test that DI is determined very much by its own past values, domestic investment plays a crucial role in China's economic growth, and there is not much effect of domestic investment on FDI. Figure 7 shows the impulse responses of a shock in GDP. A shock in GDP results in a strong impulse response from GDP itself. GDP has reverted to its original level after an initial decline, but resuming afterwards its fluctuation pattern. The shock in GDP has a more moderate impact on domestic investment. DI declines continuously, and then reverts back to its original level.
It is useful to point out that the fluctuations of DI coincide almost with those of the GDP -the higher level of DI, the greater GDP. The impact of GDP on FDI is small-FDI reverts to its mean level after some fluctuation. These results suggest that GDP is strongly influenced by its own past values, the causal link between GDP and domestic investment is strong, but the impact of GDP on FDI is minimal.
Empirical findings
Using a VAR system with ECM, we find that: i) FDI plays an important role in complementing domestic investment in China, the larger FDI the greater the domestic investment. Further, FDI has a significant effect on China's economic growth;
ii) China's domestic investment and economic growth are positively correlated; great economic growth spurs large domestic investment, and vice versa;
iii) China's domestic investment and GDP do not have much impact on FDI inflows in the long run. The causal link between GDP and DI is bi-directional, but there is only a one-way directional causality from FDI to DI and FDI to GDP; iv) China's domestic investment has a greater impact on growth than FDI. These lend some support to the theoretical view that FDI has complementary effects on domestic investment, and that long-run economic growth is positively associated with FDI.
Conclusions and policy implications
Based on the empirical analysis and findings, we conclude that FDI-rather than crowding out domestic investment-has a complementary relationship with domestic investment. FDI has not only assisted in overcoming shortage of capital, it has also stimulated economic growth through complementing domestic investment in China.
The findings of this study do have some important implications for policymakers in China and elsewhere. Since FDI complements domestic investment, less-developed countries ought to encourage and promote FDI inflows, for which appropriate FDI policies and regulations are required. For example, the host governments should not only encourage FDI inflows, they should also impose regulations on MNEs to urge them to undertake export obligations or encourage direct foreign investors to invest in high risk areas or in resource industries where domestic investment is limited. In the case of China, particularly, quality FDI should be encouraged to invest in the primary and secondary industries, and in the less-developed western regions. Since an important channel of technology diffusion and spillover of management know-how by MNEs is vertical inter-firm linkages with domestic firms, host governments could impose regulations on MNEs to intensify generation of local linkages. Moreover, no y host government should not blindly reduce taxes, environmental protections, wages, working conditions and change regulations in exchange for FDI. Such a practice may create adverse FDI externalities on growth. With large FDI inflows, China has enjoyed economic growth prosperity during the last 30 years, however, vigilance and alertness are required if FDI inflows plateau in the future. This implies that China may face capital shortages in high risk areas or new industries where FDI was a complement to domestic investment and domestic investment was limited and demand for exports may decrease, especially, the ratio of FIEs exports to total exports could decline significantly. These in turn will slow down China's economic growth. Therefore, we strongly recommend that, given that China's domestic investment exerts much greater contributions to growth than FDI, encouraging and promoting domestic savings should take precedence over attracting FDI in designing and executing investment strategies and investment policies in China.
